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SEMICONDUCTOR WAFER WITH ELECTRICALLY CONNECTED 
CONTACT AND TEST AREAS 

Field of the Invention 

The invention relates to a semiconductor wafer with electrically 

connected contact and test areas, and to an electronic device having a 
semiconductor chip of such a semiconductor wafer and a method for processing 
of the semiconductor wafer. 

Background 

Continuous miniaturization of the contact areas on semiconductor wafers 
gives rise to problems, in particular, in the context of the functional test at the 
wafer level of a semiconductor chip since, with an increasing number of contact 
areas per test in conjunction with miniaturization of the dimensioning of the 
contact areas, increased contact problems occur during the test. Problems also 
arise when bonding contact areas which have already been damaged by the 
functional test on account of the test tips, with the result that increased rejects 
occur during production. 

Document United States Patent No. 5,506,499 discloses providing a test 
area which is separate from the contact area for bonding and is electrically 
connected to the contact area. This configuration requires additional chip area in 
order to accommodate the additional test area besides each contact area on the 
semiconductor chip. The solution disclosed in United States Patent 
No. 5,506,499 leads to an enlargement of the required chip area and is at odds 
with miniaturization endeavors in semiconductor technology. 

Brief Description of the Drawings 

The invention is discussed in greater detail on the basis of embodiments 
with reference to the accompanying figures. 
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Figure 1 schematically illustrates an arrangement of contact areas and 
test areas on a semiconductor chip in accordance with a first embodiment of the 
invention. 

Figure 2 illustrates a schematic cross section through a semiconductor 
5 chip with the arrangement illustrated in Figure 1. 

Figure 3 schematically illustrates an arrangement of a contact area and a 
test area with a connecting conduction web in accordance with a second 
embodiment of the invention. 



10 Detailed Description 

The invention is based on the object of providing semiconductor chips 
and electronic devices which have smaller external dimensions, a reliable 
contact-connection and checking of each semiconductor chip being ensured. 
In one embodiment, the invention provides a semiconductor wafer 

15 having a multiplicity of semiconductor chips, the semiconductor chips having an 
arrangement of contact areas and test areas which are in each case electrically 
conductively connected to one another. The contact areas are arranged in a 
passive, first region of the top side of the semiconductor chip, the passive first 
region having no components of an integrated circuit. The test areas are arranged 

20 in an active, second region of the top side of the semiconductor chip, the active 
second region has components of an integrated circuit. 

This semiconductor wafer has the advantage that the test areas can be 
significantly enlarged in comparison with the contact areas. More reliable 
contact-making of the test tips is thus made possible because test tips placed 

25 onto the semiconductor wafer in groups in each case have a higher tolerance 
range available for positioning. Moreover, the test tips have space for small 
movements and they can be applied on a larger area of the test areas. At the 
same time, the area requirement per semiconductor chip is reduced since a 
passive, first region of the surface without components of an integrated circuit 

30 need be provided only for contact areas and no longer also for the test areas. The 
number of semiconductor chips per semiconductor wafer can be increased. 
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Moreover, the area of the semiconductor wafer that is required for a respective 
semiconductor chip is considerably reduced in conjunction with improved test 
conditions and improved bonding conditions. 

The passive, first region of a semiconductor chip is preferably utilized for 
5 contact areas in order that the components of the active, second region are not 
exposed to any thermal and mechanical loading during connection to bonding 
wires or to flip-chip contacts. This combats the risk of the properties of the 
active components being altered by thermal and mechanical loading. This 
loading does not occur during a functional test carried out on the test areas. 

10 It is also possible for a plurality of test tips to be placed simultaneously 

on a length of test areas that is increased compared with the length of the contact 
areas, which increases the test reliability. Thus, by way of example, one test tip 
can offer the measurement signal, while a second test tip on the same test area 
checks and measures whether the measurement signal is available with full 

15 magnitude on the test area. 

Moreover, it is possible, in an advantageous manner, for a plurality of 
test tips to be arranged in offset fashion from test area to test area, with the result 
that it is possible to comply with a predetermined minimum test tip spacing. For 
this reason, semiconductor chips according to the invention can also be checked 

20 by means of measuring apparatuses whose minimum test tip spacing is larger 
than the center-to-center distance between the contact areas. Thus, by way of 
example, it is possible to use test cards having a measuring tip spacing of 
90 micrometers, for example, even though the center-to-center distance between 
the contact areas is only 50 micrometers, for example. 

25 In comparison with the prior art of United States Patent No. 5,506,499, 

the surface requirement for a semiconductor chip is significantly reduced by 
means of the invention. With the same surface requirement, it is then possible to 
provide a larger number of contact areas. In comparison with US 5,506,499, it is 
also possible to achieve a significantly reduced pitch of the contact areas. 

30 Moreover, it is possible to carry out multiple measurements on a test area 

one after the other, the respective measurement point being offset in the region 
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of the test area. Arranging the test areas in the second region of the top side of 
the semiconductor chip with components of an integrated circuit consequently 
affords greater reliability of the functional tests without increasing the surface 
requirement of a semiconductor chip. In this case, test areas and contact areas 
5 may be formed on the same interconnect plane. 

If an electrically insulating layer is arranged in the active region between 
the active components of an integrated circuit and the test areas, then short 
circuits between the electrodes of the active components of an underlying 
integrated circuit are prevented. Such an electrically insulating layer need not 
10 necessarily be provided on the passive region because no interconnects of the 
integrated circuit emerge there. Such an insulating layer may have silicon 
dioxide and/or silicon nitride. Owing to the high breakdown strength of these 
materials, insulating layers having thicknesses in the region of one micrometer 
may already suffice. 

15 The material of the test areas and/or of the contact areas may comprise 

aluminum or an aluminum alloy. A contact area or a test area may also form the 
top side of a multilayer coating, the test area and/or the contact area having 
palladium or tantalum as a layer in the multilayer layer. In this case, palladium 
and tantalum form diffusion barriers for silicon atoms and at the same time 

20 reduce the migration of aluminum or aluminum alloys. 

The test areas and/or the contact areas may have, as the topmost layer, 
gold or a gold alloy, which is particularly resistant to oxidation, corrosion and 
erosion. Furthermore, the test areas and/or the contact areas may have copper or 
a copper alloy as base layer. In this case, an aluminum or gold coating of the test 

25 and/or contact areas is protected against copper diffusion by means of a metal 
alloy layer for example comprising titanium alloys, tantalum compounds or 
nickel alloys as intermediate layer. 

In the region of the conduction web which is arranged between a contact 
area and a test area, it is possible, in a particularly advantageous manner, to 

30 provide through contacts through the insulation layer between test contacts and 
electrodes of components of the underlying integrated circuit. These through 
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contacts connect the contact areas in the region of the conduction webs to 
electrodes of the components of the integrated circuit via interconnects arranged 
below the insulating layer. A matrix of through contacts makes the surface of the 
conduction web appear uneven. According to the invention, the through contacts 
5 are no longer arranged below the contact areas or below the test areas, as a result 
of which, in particular, a disturbance-free contact area is available for the fitting 
of bonding connections or of flip-chip contacts. 

Such interconnects may be realized from copper or from a copper alloy. 
A diffusion-inhibiting metal layer may then also be provided between through 

10 contacts and copper lines. 

A further embodiment of the invention provides for the contact areas to 
be optimized with regard to their dimensions. In this case, a square or circular 
contour results in a plan view. This promotes miniaturization of the passive, first 
region of a semiconductor chip surface that is to be provided and thus an 

15 increased number of semiconductor chips on a semiconductor wafer. 

Insulation and passivation layers provided on the semiconductor chip 
may be constructed in multilayer fashion. In a further embodiment of the 
invention, a silicon dioxide layer is arranged directly on the edges of the contact 
areas and of the test areas and on the entire connecting conduction web. A 

20 silicon nitride layer is provided between said silicon dioxide layer and a 

terminating polyimide layer because a polyimide layer provided directly on a 
silicon dioxide layer tends toward delamination. This layer construction 
according to the invention has the advantage of an improved adhesion. 

What is more, this layer sequence has the advantage that, by means of 

25 chemical vapor deposition, firstly both the silicon dioxide layer and the silicon 
nitride layer can be deposited over the whole area and in an unpatterned manner 
and, finally, the photosensitive polyimide layer can be applied, into which 
contact windows or test windows are then introduced photolithographically. 
After short plasma etching steps, the underlying silicon nitride layer and the 

30 silicon dioxide layer still present can be selectively removed, so that the contact 
areas are uncovered for bonding or application of flip-chip contacts and in 
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addition to each of the contact areas a window is present in the insulation and 
passivation layer for testing. 

Particularly if a large number of through contacts are to be arranged in 
the region of the conduction web, then the latter may also be formed in T-shaped 
5 fashion. In this case, the through contacts to the copper interconnects are 

provided in the wider transverse bar of the T, which may correspond to the width 
of a contact window in the passivation layer. The width of the longitudinal bar of 
the T can be optimized with regard to a maximum envisaged current loading 
during testing by test tips in order that an undesirable interruption of the 
10 electrical connection between test area and contact area does not occur during 
the test process. 

The test areas may have a length greater than their width, their width 
depending on the width of the contact areas. Preferably, the length of the test 
areas is at least 1.5 times greater than the width thereof; in particular, it is 

15 advantageous if the length of the test area is at least 2 times greater than the 
width thereof. With these length to width ratios, the test areas have the 
advantage that a placement of two test tips on test areas located directly next to 
one another, said placement being offset in the longitudinal direction of the test 
areas, is permissible. In this case, the length of the test areas depends on a 

20 minimum distance between the two test tips. Consequently, it is also possible to 
use test devices with test tips whose minimum spacing is significantly larger 
than the center-to-center distance or "pitch" between the contact areas of the 
semiconductor chip according to the invention. Consequently, an equipment that 
can actually be employed only in the case of an increased pitch can be used for 

25 testing. A smaller pitch can nevertheless be tested with a high-performance 

equipment since the test tips can be arranged in offset fashion on the test areas 
according to the invention. 

The above advantages of an arrangement of contact areas and test areas 
according to the invention also apply to electronic devices having semiconductor 

30 chips. 

With the electronic device according to the invention, in contrast to 
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United States Patent No. 5,506,499, only the contact areas need be provided in a 
passive, first region. The entire active, second region of the top side of a 
semiconductor chip with components of integrated circuits is then available for 
the arrangement of test areas. In comparison with United States Patent No. 
5 5,506,499, it is thus possible to provide a reduced pitch for bonding connections 
or for flip-chip contacts. At the same time, the test areas can be made as large as 
desired as long as their width is adapted to the pitch of the bonding connections 
or the pitch of the flip-chip contacts and the required semiconductor chip area is 
minimized. The space requirement of the electronic device according to the 

10 invention is also reduced as a result. 

Arranging the test areas in the second region of the top side of the 
semiconductor chip with components of an integrated circuit furthermore 
enables a higher density of the possible bonding connections or of the possible 
flip-chip contacts for a semiconductor chip without increasing the surface 

15 requirement of a semiconductor chip. Rather, the surface requirement is reduced 
further in comparison with the solution disclosed in United States Patent No. 
5,506,499. 

In a method according to the invention, a semiconductor wafer having a 
multiplicity of regions of each semiconductor chip is reworked. After providing 

20 a semiconductor wafer having test areas in a region with components of an 
integrated circuit, a functional test is carried out thereupon. In this case, 
defective semiconductor chips are marked and, optionally, the test areas of the 
semiconductor chips on the entire wafer are then sealed. In this case, the test 
areas may be sealed by application of an, in particular patterned, photoresist 

25 layer or soldering resist layer, to be precise with the contact areas being left free. 
In this case, the soldering resist layer prevents subsequent undesired contact- 
connection of the test areas with flip-chip technology because it is then no longer 
possible for any soldering balls to adhere thereto. A possible photoresist 
provided suffices for avoiding incorrect bonds. 

30 To summarize, it shall be emphasized that the essential problem of 

probing or testing the functionality of a semiconductor chip at the wafer level 
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and of bonding in order to produce bonding connections is solved by separating 
the openings or windows for probing and bonding by means of this invention. 
Moreover, the test openings'are arranged above active structures in this 
invention, so that additional semiconductor area regions without any active 
5 function are to be used or are required only for the contact openings and the 
contact areas. 

The probing opening above active structures can thus be chosen to be relatively 
large without influencing the chip area size, this size then permitting a situation 
in which, vertical test tips or needle cards such as are otherwise used only for 
10 large pitches, can now also be used for arbitrarily reduced pitches if, by way of 
example, the test tips or needles are arranged offset with respect to one another 
in two rows. 

Figure 1 illustrates a section of a semiconductor chip 3 in accordance 
with a first embodiment of the invention. The semiconductor chip 3 is 

15 subdivided into a passive, first region 5, which has no components of an 

integrated circuit, and into a second region 7, which has active components of an 
integrated circuit that is not visible here. The boundary between the first region 5 
and the second region 7 is marked by the dash-double-dotted line 10. 

Contact areas 1 are arranged on the first region 5. Test areas 2 are 

20 provided on the second region 7. The width bic of the contact areas 1 depends on 
the desired pitch r of the bonding connections or on the desired pitch r of the 
flip-chip contacts which are to be accommodated thereon. In this case, the pitch r 
is approximately 60 Jim. The width bic of the contact areas 1 is approximately 
52 Jim. The contact areas 1 are optimized with regard to their area extent to give 

25 the desired pitch and have a square structure. The length Ik of the contact areas 1 
is accordingly approximately 52 Jim. 

A contact area 1 and a test area 2 are respectively connected to one 
another via a conduction web 4. These components are fabricated using 
micrometer technology. The conduction web 4 is formed in T-shaped fashion. In 

30 its transverse bar 21, it has through contacts (not shown here) to underlying 
interconnect layers. 
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Bonding balls 38 are arranged on the contact areas 1. 

The surface of the semiconductor chip 3 is covered by an insulation and 
passivation layer apart from regions of contact windows and test windows, 
which correspond here to the contact areas 1 and to the test areas 2. Said 
5 insulation and passivation layer is essentially applied in order to protect the 

active components of the integrated semiconductor circuits in the second region 
7. 

The T-shaped conduction web 4 has a longitudinal bar 22, which 
connects the region of the contact area 1 to the region of the test area 2. Given a 

10 constant width b P , the test area 2 may, in principle, have an arbitrary length 1 P 
without taking up an additional surface of the semiconductor chip 3. The length 
1 P is 125 Jim in this embodiment of the invention. It emerges from the 
geometrical boundary conditions that it is possible to work with a test tip card 
that prescribes a minimum distance between the test tips of 90 Jim without 

15 problems occurring in this case. The distance a in figure 1 identifies the 

minimum test tip distance between two measuring points 13 of such a test tip 
card. For this purpose, the measuring points 13 of adjacent test areas 2 are 
arranged offset with respect to one another in relation to the longitudinal axis of 
the test areas. 

20 In an exemplary embodiment that is not illustrated here, the test areas are 

lengthened in such a way that two test tips can be placed simultaneously on one 
test area. 

Figure 2 illustrates a cross section through a semiconductor chip 3 with 
the arrangement of contact areas 1 and test areas 2 that is illustrated in figure 1. 
25 Components having functions identical to those in figure 1 are identified by the 
same reference symbols and are not discussed separately. 

The arrangement comprising contact area 1, connecting conduction web 
4 and test area 2 that is shown here has a monolayer layer Al made of an 
aluminum alloy. In the region of the conduction web 4, said layer is connected to 
30 through contacts 9 constructed from an aluminum alloy. The through contacts 9 
pass through the electrically insulating layer 8 made of silicon dioxide and 
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connect the contact area 1 to underlying interconnects 1 1 made of copper that 
are fabricated using submicron technology. These interconnects 1 1 extend into 
the active region 7 of the semiconductor chip 3, which has a plurality of MOS 
transistors 24 in this embodiment of the invention. 
5 Said MOS transistors 24 are embedded in an n-conducting silicon single- 

crystal region 25 and have a p + -type Si region as source 26 of the MOS transistor 
24 and a further p + -type Si region as drain 27. A channel region 28 is arranged in 
between, said channel region being covered by a gate oxide 29 and being 
controlled by a gate electrode 30 made of polycrystalline silicon that is realized 

10 using submicron technology. A copper lead 31 is arranged thereabove, which 
may be connected to the through contacts 9. The electrically insulating layer 8, 
which has silicon dioxide in this embodiment of the invention, is arranged 
between such an active component of an integrated circuit and the test area 2. 
Consequently, when testing the function of the semiconductor chip 3 with a test 

15 tip 23 in the overlying measuring point 13, the underlying active component is 
not electrically loaded. A mechanical loading of these underlying components is 
avoided by virtue of the provision of the elastically configured test tip. 

Figure 3 illustrates a schematic plan view of an arrangement according to 
the invention within a boundary line 33, the width of which corresponds to the 

20 pitch of desired bonding connections or to the pitch of desired flip-chip contacts 
of approximately 60 |Lim. Components having functions identical to those in the 
previous figures are identified by the same reference symbols and are not 
discussed separately. The arrangement is arranged with the smaller portion 
above the first, passive region 5 and with a larger portion on the second region 7 

25 with active components of the semiconductor chip 3. The dash-double-dotted 
line 10 identifies the boundary between the underlying passive region 5 and the 
underlying second, active region 7. 

The arrangement is formed on a continuous metalized area whose 
external contour is described by the boundary line 34. A contact area 1 and a test 

30 area 2 are provided on the metalized area, to be precise in each case with a width 
of approximately 56 |xm. Situated in between, with a constant width of 
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approximately 56 jjjti, is a region of a conduction web 4 from which through 
contacts 9 lead to underlying copper interconnects. 

Virtually the entire region of the conduction web 4 including the through 
contacts 9 is covered by the insulation and passivation layer 15. The insulation 
and passivation layer 15 also covers the edges 16 of the contact area 1 and of the 
test area 2. Only a square contact window 14 of 52 x 52 p,m and a rectangular 
test window 32 of 52 x 125 ixm remain free of the insulation and passivation 
layer 15. Within the contact window 14 and the test window 32 there remains 
access to the metalized area. 

After testing on the test window 32, the latter is sealed with a protective 
layer (not illustrated here). 



11 



